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Many dissolved ions have more than one potential mineral source. Geochemical
models contain information on the concentration of ions in waters saturated with
respect to a large number of minerals. One such model was utilized in this
study. The results indicate that, within a small degree of uncertainty, all of
the waters sampled were saturated with respect to or in equilibrium with calcite
(calcium carbonate). While several of the wells were in equilibrium with
respect to dolomite (calcium-magnesium carbonate), most wells were slightly to
moderately undersaturated with dolomite. This can be attributed to the fact
that dolomite dissolution is considerably more sluggish than calcite
dissolution.

Sulfate

Sources of the relatively mobile ion sulfate can include industrial wastes, acid
mine drainage, combustion of coal, smelting of sulfide ores, certain
fertilizers, and natural dissolution of the minerals gypsum, pyrite, and
anhydri teo

Table 11
Sulfate (mg/l)

April Summer
No. Median Mean St. Dev. No. Median Mean St. Dev.

PDC 12 17.0 19.3 7.2 20 25.0 28.8 19.6
Jordan 25 15.0 17.5 10.4 31 15.0 16.2 10.1

Sulfate concentrations in all wells were below the 250 mg/l secondary drinking
water standard, with a maximum concentration of about 73 mg/l. The lack of a
relationship between nitrate and sulfate (Figure 14), direct relationship
between calcium and sulfate (Figure 28) and similarity of sulfate levels in the
PDC and Jordan wells, all indicate that the sulfate is likely originating from
natural resources (probably dissolution of the mineral gypsum). Four outlier
wells are noticed in Figure 28 which have a higher sulfate concentration in
proportion to calcium. An additional source of sulfate may be present near
these wells. The two Jordan wells with higher sulfate (#401678 and #409456) are
located very close together and the two PDC wells with higher sulfate (W00135
and W00060) are also located close together. Therefore, there appears to be two
areas of possible anthropogenic sulfate.

Potassium

Potassium is of little concern in ground water in Southeast Minnesota and is a
very minor component of ground water in study wells. Common sources are from
potassium bearing minerals such as potassium feldspar and mica and from
fertilizers.
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Table 14
Potassium (mg/l)

April Summer
No. MedianMean St. Dev. No. Median Mean St. Dev.

PDC 12 2.7 3.9 4.7 18 1.4 1.6 1.4
Jordan 23 0.8 0.8 0.3 31 0.7 0.7 0.2

Potassium concentrations were less than 5 mg/l in all wells and were less than
1.4 mg/l in all Jordan wells (see Figure 16). The five wells standing out as
having higher potassium are PDC wells with nitrate-N in excess of 10 mg/l.
Potassium in these wells are likely from potassium fertilizer.

The pH of a water is a measure of its acidity or basicity. Drinking water
should have a pH greater than 6.5 and less than 8.5 (secondary drinking water
standard). All water from wells in the study area had pH between 7.0 and 7.9
and most wells fell in the range of 7.2 to 7.7.

Table 15
pH

April Summer
No. MedianMean St. Dev. No. Median Mean St. Dev.

PDC 20 7.4 7.39 0.2 22 7.4 7.34 0.22
Jordan 30 7.5 7.52 0.14 31 7.5 7.52 0.14

The lowest pH in a Jordan well was 7.3. All low pH wells « 7.3) withdrew water
from the PDC formation. An inverse relationship was observed between pH and
nitrate and pH and alkalinity (Figures 20 and 25).

Dissolved Oxygen

The amount of dissolved oxygen in ground water can affect iron and nitrate
concentrations in addition to other chemical parameters. Waters in more direct
contact with air or more recently recharged will usually have higher dissolved
oxygen (D.O.).

Table 16
Dissolved Oxygen (mg/l)

April Summer
No. Median Mean St. Dev. No. Median Mean St. Dev.

PDC 20 9.1 8.9 2.6 18 9.1 9.1 1.8
Jordan 30 8.0 7.4 3.4 30 8.5 7.5 3.8

Most of the wells in the study area have well oxygenated water. The lower @.O.
waters are mostly waters that recharged before the mid 1950's (see section ~
tritium). All wells with nitrate-N greater than 5 mg/l also had D.O. great€r
than 6.5 (Figure 21).
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Redox Potential

The redox potential is a numerical index of the intensity of oxidizing or
reducing conditions within the aquifer. Positive potentials indicate a system
that is relatively oxidizing. Redox potential is an important variable
affecting the amount of dissolved iron and potential for denitrification within
an aquifer.

Table 17
Redox Potential (MV)

No.
April

MedianMean St. Dev. No.
Summer

Median Mean St. Dev.

PDC
Jordan

19
29

250
250

248
223

41
70

16
30

245
237

258
217

51
77

Organic Carbon

Organic carbon is found naturally in waters from humic, fulvic, and hydrophilic
acids, clay-humic-metal complexes, and bacteria. Organic carbon may also
originate from hydrocarbons, pesticides, and other man-induced organics.
Organic matter moving directly into ground water through sinkholes or fractures
could be another source in southeastern Minnesota. The primary reason for
analyzing water for organic carbon in this study was to determine the potential
for denitrification, which is discussed in the following section of this report.
Total organic carbon (unfiltered) was analyzed in the April samples and
dissolved organic carbon (filtered) was analyzed for in the summer samples.
Samples were field filtered using a 0.45 silver membrane filter for DOC
analysis.

Table 18

TOC mg!l (April) DOC mg!l (Summer)

No. Median Mean St. Dev. No. Median Mean St. Dev.

PDC
Jordan

13
24

5.7
7.5

6.3
8.6

4.4
7.9

12
28

13.0
8.7

13.6
8.4

5.4
3.3

Note the increase in organic carbon during the summer in the PDC wells. This
could perhaps be due to recharge through sinkholes and fractures carrying
organic matter into ground water.

Pesticides

Pesticides were not sampled for in many wells due to budgetary constraints and
because pesticide information from 22 wells in the sampling area had been
previously collected. The base neutral pesticide analysis, which includes 19
pesticides, was performed on water from six wells. The wells were chosen
primarily to supplement pesticide-residence time relationships being measured in
Jordan wells in other counties. The pesticide, nitrate and tritium results for
the six wells are listed in Table 19.
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Table 19 Base neutral pesticide analysis results, shown along with nitrate-N
and tri tium.

Unique Well # Pesticides Detected Nitrate-N Cone Tri tium (TU)

139564 None 3.9 mg/l 21 (recent)
179203 None 2.7 11. 7 (mixed)
147031 None 6.4 28 (recent)
107734 None 2.5 22 (recent)
107733 None 1.2 < .8 (old)
219247 1.7 ppb atrazine 2.4 8.2 (mixed)

* The reporting limi t for atrazine at the MDA laboratory was 0.05 ppb.

None of the five Jordan wells had any pesticides detected. The one PDC well
(#219247) had 1.7 ppb atrazine. This well is located on a farm, where the
farmer reportedly has not used atrazine in several years. Three Jordan wells
with recent water (tritium greater than 20 TU) all had no pesticides detected.
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DISCUSSION

Potential for Denitrification

With the exception of plant uptake of nitrogen from areas of high water table,
the only known nitrogen loss mechanism from ground water is through
denitrification. Denitrification, which is the reduction of nitrate or nitrite
to gaseous nitrogen products by anaerobic bacteria, has been studied primarily
in soils and waste treatment systems. Relatively few studies have examined
denitrification occurring within aquifers and more research is needed to
determine potential rates and controls on denitrification in hydrogeologic
settings in Minnesota.

Conditions required for denitrification include a sufficiently warm water
temperature (greater than 5 - 10 DC), an anaerobic environment (indicated by a
low dissolved oxygen and low redox potential), denitrifying bacteria, and an
organic carbort source to serve as food for the bacteria. Denitrification will
result in the release of methane gas and an increase in bicarbonate and calcium
in the water (Eyboka, 1984; Trudell, et al. 1986). In a very reducing
environment (redox potential < -200 mV at pH 7), nitrate can potentially reduce
to ammonium (Howard, 1985).

Chemically the denitrification reaction can be expressed in the form:

where CH20 represents organic material.

Previous studies have shown through a variety of research techniques that
denitrification Gan be responsible for substantial nitrogen removal in bedrock
and sand and gravel aquifers in Canada, Germany, France, England, Iowa,
Massachusetts and Delaware (Gillham and Cherry, 1978; Eyboka, 1984; Trudell,
et al., 1986; Smith and Duff, 1988; Bottcher, 1990; Wilson et al., 1990; and
Mariotti et al., 1988). However, not all aquifers studied showed evidence of
denitrification (Fujikawa and Hendry, 1990; Howard, 1985). From the studies
conducted, denitrification appeared to be limited mostly by an organic carbon
source within the aquifer. From the literature, it appears that a dissolved .
organic carbon (DOC) concentration greater than about 10 mg/l and a redox less
than about 200 mv are conditions where denitrification is most likely to occur.

Water from western Winona County wells were considered to have a high, medium,
or low potential for denitrification based on the following criteria:

Denitrification Potential Redox Dissolved Oxygen DOC

High
Medium
Low

< 200 mv < 4 mg/l
< 300 mv < 8 mg/l

(all other wells)

> 10 mg/l
5-10 mg/l

Most of the Jordan wells and about one-half of the Prairie du Chien wells were
analyzed for DOC. The potential for denitrification from all wells where DOC
was analyzed is listed in Table 19.
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Table 19 Potential for Denitrification in Western Winona County Wells.

* Wells * Wells * Wells
High Medium Low

Jordan 4 5 20
PDC 1 3 7

Average N03-N 0.08 5.5 6.5

From the results, it appears that there are areas within the PDC-Jordan aquifer
where denitrification is likely. The average nitrate-N concentration of the
five high denitrification wells was 0.08 mg/l. These same wells also had a low
tritium concentration (older water).

Water Quality Differences Between the Prairie du Chien and Jordan

As is discussed later in this report, there are a number of layers within the
Prairie du Chien and Jordan Formations that can greatly influence the chemistry
of water within these formations. Also, what one well driller may call the base
of the Prairie du Chien, another well driller will call the top of the Jordan.
Despite these complications, some general differences between water in a the PDC
and Jordan were observed.

It is evident from Figures 13 to 22 that the range in concentrations for most
parameters is much greater in the sampled PDC wells compared to Jordan wells.
However, some of the PDC wells had water chemistries typical of Jordan water,
and a few Jordan wells had water falling outside of the fairly tight cluster of
Jordan points in the plots shown in figures 13 to 22. Data from one Jordan well
plotted as an outlier in many of the plots. This well is one of two Jordan
municipal wells in the city of Lewiston. Based on the water chemistry in this
well, it is likely that water withdrawn from this well, which was constructed in
1945, is PDC water. High capacity pumpage, perhaps combined with a poor seal or
lack of grout, could explain this condition. The other Lewiston Jordan well,
constructed in 1951, has water chemistry more typical of other Jordan water in
the area.

For most parameters, PDC water concentrations are generally higher than Jordan
water concentrations. This difference is particularly evident with chloride,
sodium, calcium, and bicarbonate. pH is the only measured parameter with
generally lower values for PDC wells compared to Jordan wells. The mean and
median concentrations of various measured parameters are listed in tables 7 to
18. Median dissolved oxygen concentrations are only slightly higher in PDC
wells (9.1 and 8.3). However, while only one PDC well has dissolved oxygen less
than 6 mg/l, eight Jordan wells have dissolved oxygen below 6 mg/l. Median
potassium is similar in PDC and Jordan wells, with the exception of six PDC
wells that stand out as having higher potassium.

While many wells in both formations have nitrate-N in the range of 1 to 7 mg/l,
nitrate concentrations are generally higher in PDC wells than Jordan wells.
Only two Jordan wells had nitrate in excess of 10 mg/l. One of the two was the
Lewiston municipal well suspected of having a poor seal. The other Jordan well,
domestic well *192548, had 11 mg/l. It was reported by the well owner of well
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#192548 that during well construction, it was difficult to pour in enough grout
to seal the well. "Cement truck after cement truck" was brought in to seal the
well. It is possible that a complete seal never was obtained. It is also
possible that the Jordan aquifer near this well is more contaminated with
nitrate, since a Jordan well across the street had a somewhat high nitrate
concentration, averaging 6.5 mg/l. While several PDC wells had nitrate in
excess of 10 mg/l, many of these wells are old with no associated well log to be
found.

Well Age and Depth

Age of Well

Prior to 1974, there were no state requirements when drilling and constructing a
well. As a result, some wells were 1) constructed near pollution sources, such
as septic tanks and feedlots, 2) improperly grouted and sealed, allowing surface
contaminants to readily move into the aquifer and move through natural confining
layers down into deeper aquifers, 3) constructed in low lying areas at or below
grade where surface water could runoff and directly enter the well, and 4) left
improperly sealed. As a result of these practices, there is/was a greater
potential for nitrate, bacteria, and other contaminants to move into aquifers
and to greater depths within the aquifers.

During 1974, the Minnesota Department of Health enacted a Water Well
Construction Code (chapter 4725) that required: licensing of well drillers,
permits for new well construction, isolation distances, sealing of abandoned
wells, specific standards for casing, grouting, sealing, completing, and capping
wells, and water samples analyzed for nitrate and bacteria be taken from newly
constructed wells.

Newly constructed wells must be located on a site which has good surface
drainage, at a higher elevation than, and at a sufficient distance from
cesspools, buried sewers, septic tanks, privies, barnyards and feedlots or other
possible sources of contamination.

This study was not designed in order to make a statistical comparison of how the
age of a well affects nitrate concentrations. However, it was obvious when
looking at the data that the older Prairie du Chien wells had higher nitrate
than newer Prairie du Chien wells. A comparison of the mean and median nitrate
concentrations for various age wells are shown in Table 21.

From Table 21 there is very little difference in median nitrate concentrations
between wells constructed from 1960 to 1974 and those constructed since 1974.
Most of the pre-1960 Prairie du Chien wells in Table 21 were reportedly
constructed before 1935. These wells had a higher mean and median nitrate
concentration than more recently constructed wells. The two Jordan wells
constructed before 1960 are the two Lewiston municipal wells sampled.
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Table 21

Prairie du Chien Jordan

# Wells Mean Median # Wells Mean Median

Date
Constructed

< 1960 8 18.0 17.0 2 8.1 8.1
1960-74 10 7.1 5.0 9 3.2 3.5
> 1974 6 12.3 6.3 22 4.0 3.1

Well Depth and Cased Depth

The total well depth was not found to correlate with nitrate concentrations in
Jordan wells (Figure 30). Often, the depth to which the well is cased is more
important than the total well depth in affecting well water quality.

The shallower cased (generally older) PDC wells have a higher mean and median
nitrate concentration than the PDC wells cased to at least 200 feet (Table 22).
Jordan wells cased greater than 350 feet had generally lower nitrate
concentrations than wells cased less than 350 feet (Table 22). However, from
Figure 31, it can be seen that there is not a very close relationship (wide
scatter) between depth of casing and nitrate-N concentrations.

Table 22 Mean and Median Nitrate-N concentrations for various categories of
well casing depth.

Prairie du Chien

Cased Depth (ft.)

< 200 (36-176)
> 200 (239-354)
No well log (older wells)

< 325 (286-324)
325-350
> 350

Number Mean Median

9 9.5 8.0
8 5.6 3.1
8 16.7 17.2

Jordan Wells

13 3.9 3.9
9 4.5 4.6
9 2.8 1.5
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The depth cased did not appear to be a function of the year constructed. Based
on well driller logs, a plot of nitrate concentration vs. depth cased below the
POC-Jordan contact was made (Figure 32). The depth to which the casing in
Jordan wells penetrates below the POC-Jordan contact varies from well to well,
ranging between two and 63 feet. Two wells were not completely cased through
the POC and are represented as negative numbers on Figure 32. It would seem
reasonable to see an inverse relationship in Figure 32. However, there does not
appear to be any relationship. Since the contact between the POC and Jordan is
not abrupt and the 30 foot thick Coon Valley member between the two aquifers is
called Jordan by some well drillers and POC by others, relying on well driller
logs alone was insufficient for examining this relationship. More detailed
geologic information obtained with the Minnesota Geological Survey aided in
better understanding the relationship between casing penetration and water
quality. A discussion of this is included in the following section of the
report.
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Geologic Factors Influencing Water Quality

The PDC-Jordan aquifer is likely being recharged from vertical percolation
throughout much of the aquifer's extent in the project area. As illustrated in
Figure 9, water in the PDC-Jordan moves in the general direction from the South
west to the North and Northeast. From the wells sampled, there were no apparent
patterns or evident trends as water moved downgradient. Well age, cased depth,
overlying bedrock and position of the open borehole in relation to the bedrock
stratigraphy tended to overshadow water chemistry trends related to distance
from potentiometric highs.

The Decorah, Platteville, Glenwood and perhaps basal St. Peter Formations all
contain shale or siltstone units that may impede the downward migration of
water. These younger bedrock formations overly the PDC-Jordan aquifer in the
southwestern part of the project area, and therefore, greater protection of the
aquifer would be expected in this area. Of five PDC wells sampled in this
protected region, four of these wells had nitrate-N concentrations 1 to 4 mg/l.
These nitrate concentrations are lower than most other PDC wells sampled. The
presence of any nitrate in these wells may be due to water flowing back
underneath the shale from the north. Potentiometric levels are highest in the
area around the fringes of the shale formations just south and east of St.
Charles (see Figure 9). This suggests that focused recharge from water flowing
off of the shale units is moving down into the PDC-Jordan in this region. From
the potentiometric high, the water table drops off approximately 30 feet per
mile to the north and east and about five feet per mile to the south and west.
Therefore, ground water is likely to be moving much faster to the north and
east. Yet some slower movement of water (probably containing nitrate) back
under the shale is likely.

The other PDC well under the large area of younger bedrock south of St. Charles
had nitrate concentrations of 14 and 24 mg/l. Great temporal variability in a
number of parameters in this relatively old well (1963 construction) suggest
that water is moving quite rapidly from the upper aquifer or soil surface down
to the PDC. The conduit for this water is likely to be a poor seal around the
well, but could also be a natural fracture system. The one Jordan well sampled
in the "protected" area had no detectable nitrate or tritium.

The PDC well with the lowest nitrate concentration (averaging 0.36 mg/l) is
located just across the Winona County border into Olmsted county (#220603). This
well is located on the edge of an area covered by the Decorah, Platteville, and
Glenwood formations and is likely protected by these units.

The Minnesota Geological Survey obtained downhole geophysical logs in three
existing study wells during April 1991. Two of the logged wells were located
0.6 miles apart and had greatly differing chemistries. Well #219245 had 0.03
mg/l nitrate-N, contained no tritium and had a low redox and dissolved oxygen.
Well #156980 had over 6 mg/l nitrate-N and higher redox and dissolved oxygen.
Geophysical logging data showed that well #156980 was only cased into the upper
Coon Valley Formation and was open between elevations 735 and 835 ft. Well
#219245 was cased through the Coon Valley and through the lower permeability
Sunset Mb of the Jordan. This well was open in the lower portion of the Jordan
Formation between elevations 745 and 780. From this information, the lower
Jordan appears much less sensitive than wells cased only into the Coon Valley.
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The three geophysical logs taken in April 1991 supplemented six previously
obtained gamma logs in the area (Figure 33). A north-south stratigraphic cross
section through St. Charles and an east-west cross section were developed from
the nine geophysical logs and well logs and are shown along with nitrate and
tritium results in figures 34-37. From these figures, it appears that most of
the wells cased to the lower portion of the Jordan have older water and low
nitrate. One possible explanation for this is the presence of laterally
discontinuous but commonly present layers of very fine-grained well-cemented
Sunset Point Mb. Wells cased to the upper Jordan have much more variable
nitrate and several wells have mixed age water. The Coon Valley Mb may be
retarding vertical movement of ground water in some areas. Wells cased into the
POC also have variable nitrate. No relationship is evident between depth cased
into the POC and nitrate concentrations in POC wells.
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Figure 34 Stratigraphic cross-section(west-east) shown with nitrate-N concentrations.
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Figure 35 Stratigraphic cross-section (west-east) shown with Tritium concentrations
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Figure 36 Stratigraphic cross-section (north-south) shown with
nitrate-N concentrations.

I I
1 mile

s. ,. . . ..
1200

,1100

Prairie du Chien Group

_000 Ln
Ln

Sunset Pt Mbr- - -- - - - ---;.;3

900

800

elevation (ft)

3.0
6.4

£II 3.1

4.3
<0.01

Coon Valley Mbr

Van Oser Mbr
Jordan Fm

Norwalk Mbr
Jordan Fm

V$rtical lin®s r~pre3ent open~well intervals
Numbers represent nitrate-N concentration in mg/l

I Location of gamma logged wells ~-l_ong transect



Figure 37 Stratigraphic cross-section (north-south) with
Tritium concentrations.
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Sensitivity Ranking

The Minnesota Department of Natural Resources (MDNR) coordinated the development
of a level 1 sensitivity map based on criteria and guidelines for assessing
geologic sensitivity in Minnesota. A level 1 sensitivity map is based on the
permeability of the parent materials from which soils have formed. From this
assessment, most of the area project area was classified as having high to very
high sensitivity. Only very small areas were deemed medium or low sensitivity
based on the parent materials. Since elevated nitrate and tritium were found
throughout the project area, this area does indeed appear to be sensitive to
ground water contamination.

There were, however, several wells with very low tritium and nitrate throughout
the project area. From well logs alone these wells did not appear to be in a
confined aquifer. However, from a more detailed geologic analysis, including
geophysical logging of several area wells, the presence of semi-confining layers
was discovered. Therefore, well logs alone may not be adequate to estimate the
sensitivity of deeper aquifers. Future work will involve creating a level 2 and
level 3 sensitivity assessment and comparing the results to water quality data.

In the Winona County Geologic Atlas, Kanivetsky (1984) described and rated the
susceptibility of the ground water system to pollution. By combining
information and other maps in the county atlas, Kanivetsky developed a
susceptibility map. The mapped susceptibility for the west-central Winona
County study area is shown in Figure 38. Current and potential development of
Karst was an important factor used in evaluating susceptibility. The presence
of confining bedrock and till deposits were also important considerations in the
development of the map. Several areas of till exist that are more than 10 feet
thick, which would protect the underlying aquifer. However, the lateral extent
of these till deposits is not believed to be great enough to provide more than
localized protection. The susceptibility map (Figure 38) was created using
similar criteria as a level 2 sensitivity assessment in the MDNR guidelines for
assessing geologic sensitivity.

The region of highest susceptibility is an area of gently rolling terrain where
infiltrating precipitation and meltwater percolates through a relatively thin
mantle of soil and glacial deposits into karsted rocks of the Prairie du Chien
group. This region has a high potential for sinkhole development. The moderate
to high susceptibility rated area in west-central Winona County is also in an
area of ridgetops with soils overlying the Prairie du Chien. However, the
potential for Karst development is diminished in this area largely because of a
lower water table. Areas where the Glenwood Formation overlies the St. Peter
Sandstone and Prairie du Chien were rated moderate susceptibility. An exception
to this is where isolated mesas are also capped by the Platteville Formation.

Nitrate and chloride results were compared for the three susceptibility zones in
the project area (Tables 23 and 24). Mean and median nitrate and chloride
concentrations in PDC wells were two to four times higher in high rated areas
compared to moderate sensitivity areas. Mean and median nitrate was 2 mg/l
higher (nearly doubled) in high sensitivity Jordan wells compared to
moderate-high sensitivity Jordan wells. Only one Jordan well was located in the
moderate area and this well had very low nitrate and chloride. Chloride was
only slightly higher in high rated Jordan wells compared to the moderate-high
area While nitrate, and perhaps chloride appear to be related to the
sens tivity within the study area, the relationship between residence times and
f1er.., ~. :'J "lot rliscernible.
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Table 23 Nitrate-N concentrations from wells located in various susceptibility
areas. The susceptibility rankings are from Kanivetsky (1984).

Moderate Moderate to High High
Susceptibility Susceptibili ty Susceptibili ty

Jordan PDC Jordan PDC Jordan PDC

# of wells 1 5 14 3 16 15
Median NO~-N 0 2.9 2.8 6.6 4.8 12.5
Mean N03- 0 5.7 3.1 4.7 5.3 11. 9
St. Dev. 0 7.4 2.4 3.8 2.8 7.1

Table 24 Chloride concentrations from wells located in various susceptibility
areas. The susceptibility rankings are from Kanivetsky (1984).

Moderate Moderate to High High
Susceptibili ty Susceptibili ty Susceptibili ty

Jordan PDC Jordan PDC Jordan PDC

# of wells 1 4 14 2 16 16
Median NO~-N 2.1 10 4.2 12.1 4.8 32
Mean N03- 2.1 17.5 4.5 12.1 6.8 29.0
St. Dev. 0 18.7 2.8 6.3 15.9
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CONCLUSIONS

A summary of the study and study results is provided in the Executive Summary.
Some of the conclusions drawn from the study are listed below.

Great lateral and vertical variability in water quality and residence times
exists in the Prairie du Chien-Jordan aquifer in west-central Winona County.

Many, but not all, Prairie du Chien (PDC) wells that are not overlain by
lower permeability units show evidence of being sensitive to surficial
contamination. Overlying shale tends to reduce the sensitivity of PDC and
Jordan wells.

All but four Jordan wells were impacted by nitrate. However, good water
quality can be obtained throughout most of the Jordan Formation. Only two
Jordan wells had nitrate at or above the drinking water standard, one of
which was an old municipal well. It is recommended that new wells in the
area be cased at least 30 to 55 feet into the Jordan, where possible.

Since the Jordan Formation is divided into several geozones by lower
permeability units, significant differences in water chemistry exist
vertically within the Jordan. The lower part of the Jordan, especially where
the Sunset Mb is present, is much less sensitive to surficial contamination
compared to the PDC and upper Jordan.

Vertical and lateral variability in water quality and residence times may
only be understood when detailed geologic information is available. Relying
on well driller's logs alone is insufficient for accurately defining geologic
sensitivity in this region. Level 2 and level 3 assessments (MDNR
guidelines) should be a minimum for much of southeastern Minnesota.

Dissolved solids concentrations are generally lower in Jordan wells than PDC
wells. Water from both formations has low chloride, sulfate, and total
dissolved solids compared to secondary drinking water standards and many
other Minnesota aquifers.

Denitrification is likely to be causing a reduction in nitrate in parts of
the PDC-Jordan aquifer. Due to the likelihood of denitrification in the
deeper part of the Jordan Formation, and the relatively low residence times
of water in the PDC and much of the upper Jordan, the nitrate situation could
significantly improve in the PDC-Jordan (Winona Co.) within one generation
following reductions in nitrate loading into the aquifer.

Nitrate concentrations from this study correspond fairly well with 1984
Minnesota Geological Survey determined geologic sensitivity. Geologic
sensitivity assessments utilizing detailed geologic information appear to be
a reasonable means of prioritizing where to implement certain Best Management
Practices.
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FUTURE/ONGOING WORK

Funding from the Legislative Commission on Minnesota Resources allowed sampling
of the first two rounds of data from which this report is based. The U.S.
Environmental Protection Agency provided funding for a third round of sampling,
which was completed in April 1991. All laboratory results from the 1991
collected samples should be returned by September 1991. The third round of
sampling included additional wells for tritium, carbon 14 for low tritium wells,
nitrogen isotopes and dissolved organic carbon for most wells, nitrate,
ammonium, and other major cations and anions. Results from this third round of
sampling will enable us to better understand 1) the residence times of water in
this area, 2) the relationship between residence times to water quality,
3) whether denitrification is occurring within the aquifers, and 4) the temporal
variability of water quality and chemistry.

Further work is also planned by MDNR to characterize the geologic sensitivity
(Level 2 and Level 3 assessment) based on the Minnesota Department of Natural
Resources sensitivity guidelines and criteria. The resulting sensitivity
rankings will be compared to water quality and residence time results from all
three sampling rounds.
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